Digits serve as useful tools for studying the interaction between low-level perceptual representations and higher-level semantic information, and also the degree to which processing these stimulus attributes relies on similar or different mechanisms. Following a body of literature that debates the influence of high-level, semantic information on perceptual processing, and work by Van Opstal and colleagues (2011) investigating whether subliminally presented digit arrays affect estimates of numerical averages, here we explored the temporal dynamics of extracting numerical values associated with each digit in an array. Specifically, we examined reaction times (RTs) for estimating the average of digit arrays of varying sizes to determine whether numerical meaning is extracted in parallel, or instead may require serial processing of individual digits. In Experiment 1, participants completed a numerical mean estimation task, along with visual search tasks designed to yield RT patterns across increasing display sizes thought to be characteristic of serial and parallel processes. In Experiment 2, we controlled for brightness cues that could have contributed to performance in Experiment 1. In both experiments, comparing RT patterns for the numerical averaging tasks to those of the search tasks suggested that semantic information from multiple digits may be extracted by a parallel processing mechanism. Unlike in either search task, RTs improved with increasing display size, indicating a potential benefit of larger displays as has been reported for extracting ensemble, or summary statistical representations of lower-level visual information.
specifically asked whether the semantic information associated with a "prime" display (a digit array presented briefly prior to presentation of a target digit array) can affect participants' perception of the target digit arrays even when they are not consciously aware of the primes. They reported that subliminally presented digit arrays influenced estimates of the numerical average of target displays, and concluded that participants accurately performed ensemble coding of higher-level, semantic attributes (numerical meaning) in parallel, and without explicit awareness of individual items in the display. These findings are consistent with previous work investigating statistical representation of low-level stimulus attributes (Alvarez & Oliva, 2008; Ariely, 2001; Chong & Treisman, 2005) . However, Van Opstal et al. (2011) also observed increases in reaction times (RTs) with larger display sizes (number of items presented in the display) that may nonetheless reflect a serial contribution to estimates of numerical averages. Furthermore, their displays were limited to relatively small numbers of items (3, 4, and 5), and thus participants may have been encouraged to attempt exact averaging despite relatively brief displays (< 800 ms). On the other hand, extracting information from a set of items may proceed in parallel until the number of items exceeds the subitizing range (i.e., four or fewer) and enters the counting range (Railo, Karhu, Mast, Pesonen, & Koivisto, 2016) .
The ability to gather semantic information simultaneously from multiple digits would be indicative of parallel processing (Egeth, 1966) rather than serial processing. Serial and parallel cognitive mechanisms have traditionally been dissociated using a variety of approaches, including examining the temporal dynamics of searching for a target item among distractor items. It is generally observed that when a target item possesses a unique feature compared to distractor items and thus "pops out", RTs increase relatively little with additional distractors. This indicates that information about that feature was processed across all items in the display in parallel. In contrast, when targets contain features that are similar to those of surrounding distractors, search is less efficient and RTs increase with the number of distractors, reflecting the possibility that individual items must be selectively attended in a serial fashion until the target is found (Duncan & Humphreys, 1989; Treisman & Gelade, 1980) . These highly replicated differences in RT patterns across different types of visual search have traditionally been viewed as reflecting a distinction between parallel and serial mechanisms, although whether less efficient search is due to a serial, attentionally demanding process as opposed to factors such as increased noise (and thus reduced discriminability of the target) is a subject of ongoing investigation (e.g., McElree & Carrasco, 1999; Moran, Zehetleitner, Liesefeld, Müller, & Usher, 2016; Townsend, 1990; Verghese, 2001) . Nonetheless, for the purpose of examining the effects of additional digits on estimating numerical averages, these well-established RT patterns may provide a useful basis for comparison. Comparing performance across search and ensemble tasks may help us determine whether or not extracting semantic information from multiple digits in an array engages a relatively efficient mechanism akin to that proposed to underlie the relatively flat RT slopes in parallel, or "pop-out" visual search.
In the current study, we used displays that contained varying numbers of digits, and greater numbers of digits than previously tested (Van Opstal et al., 2011) , and compared RT patterns for estimating numerical averages with those obtained during visual search for digits. In order to assess the effect of additional items on estimating the mean of digit arrays, we designed the search tasks according to well-established criteria known to yield performance consistent with traditional "serial" (increasing RTs with larger displays) or "parallel" (flat RT slopes) search tasks, and used identical digit arrays across the search and ensemble tasks. Critically, the instructions differed across the search and ensemble tasks. In both search tasks, we instructed participants to search for a number less-than-or greater-than-five, whereas in the ensemble, or averaging task, the instructions were to estimate whether the average numerical value of the digits in the display was less than or greater than five. An important difference between the two search tasks was that in the serial search, all of the digits were the same color, whereas in the parallel search, the digit that participants were searching for was always red and thus stood out compared to the rest of the display. Our goal was to directly compare RTs for estimation of the numerical average of digit displays with increasing numbers of items to those for a serial search task and a parallel search task (in which the target item pops out due to a unique low-level feature). By doing so, we aimed to determine whether the ability to rapidly extract a set statistic at the semantic level appears to proceed in a serial fashion, such that RTs increase with additional items, or whether instead, estimating a numerical average relies on processing of semantic information from multiple items in parallel.
We predicted that asking participants to estimate the average value of a set of digits would yield one of three types of RT patterns in relation to the search tasks (Figure 1 ). Increased RTs with increased display size, as in a serial search task, would suggest that generating the estimate is inefficient and may rely on serial processing of individual items. Alternatively, if RTs for the ensemble task show minimal or no increase with increasing display size, as characteristic of traditional parallel search tasks, this would be evidence that estimating numerical averages occurs by extracting semantic meaning from items in parallel. A third possibility is that if generating ensemble representations of numerical value relies on mechanisms similar to that proposed for ensemble perception of lower-level, perceptual stimulus attributes, RTs may actually decrease with increasing display size. This is in accordance with findings that additional items in a sequential digit display contribute to faster RTs and a more accurate ensemble representation (Brezis, Bronfman, & Usher, 2015) , and other studies suggesting that additional stimuli provide more information about the ensemble average (Piazza, Sweeny, Wessel, Silver, & Whitney, 2013; Sweeny & Whitney, 2014) . We did not have a strong prediction related to overall RTs for the ensemble compared to the search tasks, but for the purpose of illustration in Figure 1 , we have indicated them to be similar to the serial search task but slower than the parallel search task, as pop-out searches tend to be highly efficient. Note. For serial search (light gray), RTs are expected to increase with increasing display size, and for parallel search (dark gray), RTs typically remain flat or increase only slightly with increasing display size (all panels). The ensemble task (dashed black lines) may give rise to a RT pattern similar to that of either the serial search (left panel) or parallel search (middle panel) tasks, depending on whether numerical meaning is extracted from multiple items serially or in parallel. Alternatively, faster RTs with increasing display size (right panel) would suggest a contribution of ensemble coding mechanisms.
Experiment 1: Parallel vs. Serial Processing of Digit Displays

Method Participants
For the current study, we predicted a medium effect size (f = .5) based on Cohen's guidelines (Cohen, 1988) . A preliminary power analysis was conducted using G*Power 3.1 software (Faul, Erdfelder, Lang, & Buchner, 2007 ) with a medium effect size of f = .5, an alpha level of .05, and a .95 confidence level. This analysis indicated that for 80% power, a minimum sample size of 10 participants is required for each set of tasks in this study.
Nineteen undergraduate students from a large public university in the Midwestern U.S. volunteered to participate for class credit. The university's Institutional Review Board approved all experimental procedures. Data from three participants were excluded. Two had RTs that were greater than 2.5 standard deviations above the mean across participants (one for the ensemble task and one for the search tasks), and another had low accuracy (< 60%) in the search tasks. Thus, a total of three datasets were excluded across the three tasks to allow for within-subjects comparisons across tasks. The remaining 16 participants included 13 females and three males with normal or corrected-to-normal vision (M age = 20.06, SD = 0.77).
Stimuli and Procedure
All task programs were written in Xojo Basic and conducted on a Mac computer connected to a built-in iMac display with a screen resolution of 1920 x 1080 pixels. Stimulus arrays were presented on the monitor and responses were gathered from the keyboard. Task (serial search, parallel search, ensemble) order was counterbalanced across participants. Stimuli for all tasks consisted of a fixation point surrounded by circular arrays of five, seven, or ten digits ranging from 1-9, but not including 5, presented in white text against a black background (Figure 2) . At a viewing distance of about 60 cm, each digit was 0.92° degrees of visual angle wide by 1.8° tall. Digits were arranged on an imaginary circle with a radius of 5.9° centered on a fixation cross spanning 1.0° on each side. In the search tasks, the target digit was located in one of four quadrant locations: upper right, lower right, lower left, or upper left, and was always at least 30° of arc away from vertical to avoid ambiguity with respect to the vertical meridian. Note. Displays consisted of 5, 7, or 10 digits; participants used the keyboard to indicate on which side of the display the less-than-five or greater-than-five digit appeared. In the serial search task all digits were the same color, whereas in the parallel search task targets were presented in red such that they popped out.
In different blocks, participants were instructed to search for the number greater than or less than five, and to report on which side of the display the number was located by pressing the 'z' key to indicate the left side of the display and the '/' key for the right side. Block order within each task was counterbalanced. Trials began with a fixation cross presented for 500 ms, followed by the search display, which remained visible until the participant responded. Participants received feedback only when they responded incorrectly, in the form of a white screen with the word "Incorrect" in the middle presented for 750 ms followed by a fixation cross to begin the next trial.
In the serial search task, the target digit was presented in the same white text as the distractors. The parallel search task was designed such that the target would pop out and thus yield RT patterns characteristic of parallel processing mechanisms. Displays and instructions for the parallel search task were identical to those for the serial search task, but the target digit was presented in red. Each task consisted of 12 practice trials and 120 experimental trials, with display sizes randomly interleaved.
The ensemble task consisted of a total of 288 trials that were identical to those in the serial search task, except that participants were instructed to estimate whether the average of the digits in each display was less than or greater than five (Figure 3 ). Participants responded using the 'z' key to indicate "less-than-five" and the '/' key for "greater-than-five." Averages of the digits within each display were always above or below 5 (never exactly 5); these averages ranged from ±1.2 to ±2.4 relative to 5. Displays across the search and ensemble tasks contained identical digits arrays. Each array contained only one digit that was on the "other side" of five from the average (e.g., the "3" in the display pictured on the left in Figure 3 ), which served as the target in the search tasks. This constraint, along with ensuring minimal digit repetitions within a display, yielded average differences from 5 for the means of the 5, 7, and 10 item displays that varied within a small range (±1.5, ±1.7, and ±2, respectively). Note. Displays consisted of 5, 7, or 10 digits. Participants were asked to estimate the average numerical value of the digits and use the keyboard to indicate whether the average was less than or greater than five.
Results
For each participant, we excluded all trials with RTs that were greater than the mean plus three standard deviations for that participant, or less than 100 ms; a total of 1.9%, 1.7%, and 1.5% of data points were removed for the ensemble, serial and parallel search tasks, respectively. A 3 (Task: Serial Search/Parallel Search/Ensemble) x 2 (Target Type: < 5/> 5) x 3 (Display Size: 5/7/10 items) repeated measures ANOVA was conducted on
RTs. There was a significant main effect of task, F(2, 30) = 98.33, p < .001, such that RTs for the ensemble task 10 items: M = 664.12, SD = 114.65). These main effects were qualified by a significant three-way interaction, F(4, 60) = 15.02, p < .001. We further examined this interaction by conducting a 2 (Target Type) x 3 (Display Size) repeated measures ANOVA for each task type followed by simple effects analyses and pairwise comparisons as appropriate. There was also a main effect of display size, F(2, 62) = 100.47, p < .001, due to an overall increase in RTs with increasing display size. A significant interaction between task and display size, F(2, 62) = 81.30, p < .001 was followed up with pairwise comparisons to determine the relative effect of display size on RTs across the different search tasks.
For the serial search, there were substantial and significant differences in RTs between all display sizes ( Note. Error bars represent standard error of the mean. The only significant effect of display size on accuracy reflected increased accuracy with larger displays in the greater-than-five condition (black solid line), F(2, 30) = 19.77, p < .001.
In order to determine whether any observed effects on RT were due to speed/accuracy trade-offs, accuracy was also submitted to a 3 (Task: Ensemble/Serial Search/Parallel Search) x 2 (Target Type: < 5/> 5) x 3 (DisLee, Sobel, York, & Puri 367 play Size: 5/7/10 items) repeated measures ANOVA. There was a significant main effect of task, F(2, 30) = 17.92, p < .001, such that accuracy was lower for the ensemble (M = .90, SD = .08) compared to the serial (M = 0.97, SD = .03) and parallel (M = .98, SD = .02) search tasks, consistent with the differences observed in RTs.
A main effect of target type, F(1, 15) = 6.91, p = .019, was due to higher accuracy in the greater-than-five condition for the ensemble task (M = .92, SD = 0.06) compared to the less-than-five condition (M = .89, SD = 0.10). There was also a main effect of display size due to changes in accuracy with changing display sizes detailed below, F(2, 30) = 3.93, p = .031.
A significant task x target type x display size interaction, F(4, 60) = 7.24, p < .001, was further examined with a 2 (Target Type) x 3 (Display Size) ANOVA for each task type, which revealed a significant main effect of display size for the ensemble task, F(2, 30) = 8.95, p = .001, due to increased accuracy with more items in the display tion (both ps < .005), but no significant difference between 7-and 10-item displays. There was no effect of display size in the less-than-five condition. All of these effects on accuracy are consistent with the RT effects, thus ruling out speed/accuracy trade-offs. There were no main effects of display size or target type on accuracy for either search task.
Discussion
As expected, in Experiment 1, increasing the number of items in the search task displays resulted in longer RTs for finding the digit that was greater than five or less than five, and much more so for the serial compared to parallel task in which the target was always red. This pattern indicates that in our serial search task, participants required additional processing time for additional items. Critically, when participants were asked to estimate the average of digits in the display (ensemble task), RTs decreased (for the > 5 displays) or stayed the same (for the < 5 displays), suggesting that individual items do not contribute serially to mean estimates; if anything, additional items may increase the efficiency of generating the set statistic as has been shown for highlevel visual attributes such as gaze direction (Sweeny & Whitney, 2014) . Moreover, accuracy improved with increased display size in the greater-than-five condition, ruling out the possibility that faster RTs for larger displays was due to a speed-accuracy tradeoff, and further supporting the notion that larger sets allow more efficient extraction of ensemble representations at the semantic level.
These results are consistent with the idea that a parallel processing mechanism underlies rapid estimation of the average of digit sets. However, because the digits we chose for the displays resulted in averages with mean differences from 5 that increased slightly across display sizes (from ±1.5 in the 5 item displays to ±2 in the 10 item displays), we wanted to determine whether this increase in distance from 5 contributed to the pattern of performance across display sizes. We therefore analyzed the subset of trials (~25 trials per display size per participant) for which the average distance from 5 was the same across display sizes (±1.8), and found the same pattern of results as in the main analysis (faster RTs for displays with more items, F(2, 30) = 4.18, p < .05, with no speed/accuracy trade-off). This additional analysis confirmed that the observed improvement in performance with larger displays was not due to the small difference in the means of displays across conditions.
Although the fact that RTs did not increase with larger display sizes in the ensemble task is consistent with parallel processing of numerical value during average estimation, the differences in RT slopes seen for the greater-than-five and less-than-five conditions in Experiment 1 were surprising. We considered the possibility that because displays with numerical means that were greater than five tended to include digits with a greater number of line segments and thus may have appeared brighter, participants could have taken advantage of this low-level visual information in performing the ensemble task. In addition to serving as a cue to whether the average was greater-than or less-than-five, this brightness difference could have resulted in a relative benefit (faster RTs) for larger displays particularly in the brighter, greater-than-five condition, and thus may explain why the decrease in RTs with larger displays occurred only for that condition. Therefore, we conducted a second experiment in which we used a restricted set of digits (2, 3 and 7, 8) . This approach eliminated the systematic relationship between the correct response and the brightness of the displays present in Experiment 1, as displays composed of 2s and 3s contain the same number of line segments, on average, as those with 7s and 8s.
In Experiment 2, participants performed either a serial search task in which they searched for a number less than (2 or 3) or greater than five (7 or 8), or an ensemble task in which they indicated whether the average of the digits was less than or greater than five.
Experiment 2: Ruling out Brightness as a Cue
Method Participants
Thirty-two undergraduate students from a medium-sized public university in the Mid-South U.S. volunteered to participate for class credit. The university's Institutional Review Board approved all experimental procedures.
Task was a between group factor; 16 participants completed the search task and 16 completed the ensemble task. Data from one participant was excluded due to RTs that were greater than 2.5 standard deviations above the mean in the ensemble task. Of the remaining 31 participants, 14 females and two males (M age = 21.5, SD = 2.34) completed the search task, and 10 females and five males (M age = 21.5, SD = .99) completed the ensemble task.
Stimuli and Procedure
The procedure for Experiment 2, which was conducted on a MacBook computer connected to a CRT monitor with a screen resolution of 1024 x 768 pixels, was the same as for Experiment 1, except that task type (serial search/ensemble task) was a between group factor. In addition, we did not include a parallel search block because the RT pattern from Experiment 1 clearly replicated numerous previous studies showing small or no effects of display size on RT or accuracy with pop-out targets such as the red digit among white digits. The stimuli used for Experiment 2 were displayed in the same manner as in Experiment 1, but to eliminate the systematic relationship between correct response and brightness of the displays, digits were limited to 2, 3 and 7, 8 ( Figure   6 ). In our "digital clock" font, the 2 and 3 each contain five line segments, the 7 contains three line segments, and the 8 contains seven line segments. As a result, the set of distractors (in the serial search task) or numbers Lee, Sobel, York, & Puri 369
on the "wrong" side of 5 (in the ensemble task) yielded the same overall brightness in all displays. An additional benefit of using 2, 3 and 7, 8 is that the average numerical distance from 5 is the same for each pair. Means of each display ranged from ±1.4 to ±2.1 relative to 5, with average differences from 5 for the 5, 7, and 10 item displays that varied within a similar range as in Experiment 1 (±1.5, ±1.8, and ±2, respectively). Note. Displays consisted of 5, 7, or 10 items with digits consisting of only 2, 3 and 7, 8. Participants were asked to estimate the average numerical value of the digits as less than or greater than five for the ensemble task, and to report the location (left or right side of the screen) of the less-than-five or greater-than-five digit for the search task.
Results
For each participant, we excluded all trials with RTs that were either three standard deviations longer than the mean for that participant or less than 100 ms; a total of 2.0% of data points were removed from each task. RTs 001. This main effect was qualified by a significant task x display size interaction, F(2, 58) = 4.27, p = .019; follow-up 2 (Task) x 3 (Display Size) repeated measures ANOVAs for each task type revealed no main effects or interactions for the search task. As shown in Figure 8 , there was a significant main effect of display size for the ensemble task, F(2, 28) = 4.06, p = .028 due to increasing accuracy with increasing display size.
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Pairwise comparisons revealed significantly higher accuracy for the 10-item display (M = .93, SD = .04) compared to the 5-item display (M = .91, SD = .07), t(14)= -2.30, p = .04, but no significant difference between the 5-and 7-item displays or 7-and 10-item displays. There was no interaction between display size and target type, F(2,28) = 2.843, p = .075. Note. Dashed lines indicate < 5 and solid lines indicate > 5. Error bars represent standard error of the mean. Overall, accuracy was significantly higher for serial search compared to the ensemble task. Accuracy was not affected by display size for search, whereas larger display sizes led to greater accuracy for the ensemble task.
Discussion
In Experiment 2, we controlled for the possibility that in Experiment 1, the reduction in RTs in the greater-thanfive condition, and indeed the overall lack of longer RTs with additional items in the ensemble task, was due to participants relying on a low-level cue such as brightness rather than semantic information in the displays to perform the averaging task. Using a digit set that allowed us to control for brightness differences, we found that as in Experiment 1, RTs increased with increasing display size for the search task. Just as in the "serial search" task in Experiment 1, the target did not contain a unique feature and therefore search through the items proceeded in a serial fashion, requiring additional processing time for larger displays (Treisman & Gelade, 1980) .
Most important, however, is that even after ensuring that brightness could not be used as a reliable indicator of whether the average value of the display was greater than or less than five, we again found that in the ensemble task, RTs did not increase, but instead decreased with increasing display size for both the less-than-five and greater-than-five conditions. Furthermore, accuracy of mean estimates increased with additional items. This improvement in performance with increasing display size is consistent with our findings in Experiment 1 for displays with averages greater than five, but in this case, occurred for both types of displays, and cannot be due to brightness differences between conditions. These results suggest not only that additional digits in the display do not require additional processing time, but also that they may increase the efficiency of ensemble perception at the semantic level (Brezis et al., 2015; Piazza et al., 2013; Sweeny & Whitney, 2014) .
General Discussion
The current research investigated the mechanisms involved in extracting semantic information from groups of digits by examining the dynamics of estimating numerical averages of digit ensembles that varied in size. In separate tasks, we presented participants with identical digit displays and asked them to either search for a target digit that is less than or greater than five, or report whether the numerical mean of the digits is less than or greater than five. By equating the search and numerical averaging (ensemble) tasks but providing different instructions, we were able to compare RT patterns for the search and ensemble tasks to each other, and also to well-established RT patterns reported in the visual search literature. These comparisons allowed us to make inferences about the mechanisms underlying ensemble perception of numerical value based on the effect of additional items on RTs. In Experiment 1, along with the ensemble task, we included two versions of the search task. In the serial search task, finding the target took significantly longer with increased display size, as the target did not possess a unique salient feature. The classical view of visual search behavior interprets such RT increases with additional items as characteristic of a serial process in which information associated with each item is processed individually. In the parallel search task, the target was presented in a salient color, and so it was not surprising that additional items resulted in only a miniscule increase in RTs (1-2 ms per item). The key result, however, is that RTs in the ensemble task, unlike in either of the search tasks, reduced overall as display size increased.
Because we were interested in the contribution of semantic as opposed to lower-level visual information to perception of the average of digit displays, in Experiment 2 we addressed the concern that in Experiment 1, displays with greater-than-five averages tended to have more line segments, and therefore greater overall brightness than those with less-than-five averages. This brightness difference could have served as a low-level, nonParallel Processing of Numerical Value 372 semantic cue to the correct response, and also potentially contributed to the difference seen between the greater-than-five (decrease in RTs with increasing display size) and less-than-five (no change in RTs across display sizes) conditions. Thus, we conducted Experiment 2 with a limited stimulus set in order to control for systematic brightness differences across display sizes. Experiment 2 again demonstrated reduced RTs with increased display size while controlling for any possible contribution of brightness differences to performance on the ensemble task. Thus, a relationship between brightness and set average cannot explain the lack of increased RTs with additional set items, and the fact that RTs decreased with larger sets in Experiment 2 is not attributable to the relatively greater salience of displays with more items in the greater-than-five condition as it could have been in Experiment 1.
This overall decrease in RTs with increasing display size stands in contrast to the small increase or lack of increase often seen in pop-out, or parallel search tasks (Egeth, 1966; Treisman & Gelade, 1980) , but is consistent with reports of performance benefits with the addition of more items during ensemble perception of gaze, a relatively high-level attribute (Sweeny & Whitney, 2014) . This pattern of shorter RTs with increasing display size may also relate to other findings that additional items in sequentially presented digit displays contribute to faster RTs (Brezis et al., 2015) . It could be that the numerical average estimation task engages an ensemble coding mechanism and thus the additional information provided in larger displays increases the efficiency of the response. Brezis et al. (2015) suggest that different mechanisms are engaged for digit averaging tasks depending on display size; when participants were asked to estimate the average of series of digits presented rapidly one after another, RTs were shorter for larger displays of 16 compared to smaller displays of 8 digits, and also for 8 compared to 4 digits. Because ensemble coding allows observers to generate an efficient representation of a set by extracting information from multiple items in parallel, larger sets may provide more information on which to base the average and thus improve the efficiency of ensemble perception. Our finding is in line with the suggestion by Alvarez (2011) that displays with more items result in a higher signal-to-noise ratio (SNR), and reports that auditory stimuli with higher SNR are associated with faster RTs (Lentz, He, & Townsend, 2014) .
Our data suggest that it is not necessary for participants to attend to each item individually in a display in order to extract semantic meaning from the display as a whole, as the ensemble task generated an RT pattern more similar to the parallel than the serial search, for which RTs steeply increased. This finding speaks to the temporal dynamics of extracting semantic information from multiple digits, as it demonstrates that there is no RT cost of adding additional items to a display. Rather, extracting ensemble information at the semantic level appears to occur in parallel across items within a display, and may even benefit from additional items.
To address the overall differences in RTs and accuracy across the three tasks in Experiment 1, RTs were slower and accuracy was lower for the ensemble task compared to both of the search tasks. This difference between the ensemble and search tasks can potentially be explained by differences in task demands. In the parallel search task, participants' attention was likely immediately drawn to the pop-out digit, generating the fastest RTs. In the serial search task, participants responded immediately after locating a digit less than five or greater than five, whereas for the ensemble task, participants were asked to estimate the average, a process that may involve inherently greater uncertainty. Note that whereas RTs for both the serial search and the parallel search increased across display sizes, in the parallel search task, RTs increased by less than 6 ms from the smallest to largest display size, compared to a 160 ms increase for the serial search task. This pattern was predicted based on Egeth (1966) , who found small increases in RTs as display sizes increased even in parallel tasks. Our data also confirm slower RTs for the serial search compared to the parallel search. This is expected because the salient target in the parallel search captures participants' attention, whereas according to the classical view, in the serial search participants would have to scan each item in the display until finding the target (Duncan & Humphreys, 1989; Treisman & Gelade, 1980) . Overall, RT patterns for the ensemble task did not increase with increased display size as they did in serial search, but in fact stayed the same or decreased, suggesting that participants did not need to examine each digit individually in order to incorporate it into a representation of the average. Rather, participants were able to extract information from items across the entire display in parallel.
As discussed above, in Experiment 1, the reduction in RTs for larger displays in the ensemble task was driven by the greater-than-five condition; RTs in the less-than-five condition remained consistent across display sizes.
Furthermore, in Experiment 1, accuracy increased with display size for only the greater-than-five condition. In addition to possible contribution of the brightness difference between conditions, it may be that participants showed a sample size bias such that they were more likely to respond that the mean is greater than five when there were more items in the display. Evidence for sample size biases whereby larger set sizes yield larger average estimations has been demonstrated in a task where participants were asked to provide numerical estimates of the mean of set of digits (Smith & Price, 2010) . In our experiment, such a bias would be expected to also result in proportionately lower accuracy with increasing display size in the less-than-five condition; in Experiment 1, there was a non-significant trend in this direction, however in Experiment 2, the pattern of increased accuracy across display sizes did not differ based on whether the average was greater or less than five. In Experiment 1, RTs were faster overall for displays with greater-than-five averages in the ensemble task, as well as for the trials with greater-than-five targets in the serial search task. For the ensemble task, this could have been related to a bias as discussed above because it was seen only for larger sets (7 and 10 items), or because displays with more items in the greater-than-five condition might be more likely to engage a brightness strategy (arrays of digits whose mean is greater than five contained more line segments on average across the whole digit set, so brightness would increase more with larger sets for greater-than-five compared to less-than-five displays). Average brightness differences between target types could also potentially explain faster responses to the greater-than-five target observed in the serial search task in Experiment 1; alternatively, this pattern may reflect an advantage for overweighting of digits with larger values, as has been reported in previous work (Sobel et al., 2016; Van Opstal et al., 2011) . However, in Experiment 2, there was no effect of target or display type (> 5 or < 5) on RTs or accuracy for either the search or ensemble task.
Although our second experiment successfully controlled for increased brightness with increasing display size, we considered whether participants could have used other low-level cues to perform the task. For example, in Experiment 1, the digit in each display that differed from the rest by virtue of being the only one greater than or less than five also possessed a unique shape. However, in the serial search task in Experiment 1, the target does not appear to have popped out the way the red targets did in the parallel search task, because we saw much more substantial RT costs for additional items in the serial compared to parallel search tasks. Thus, it is unlikely that the unique shape of the one item on the "other side" of five determined performance in either the search or ensemble tasks. It is also possible that in Experiment 2, the limited digit set (2, 3 and 7, 8) could have encouraged perceptual grouping of the more prevalent numbers (because only two shapes were represented) and thus facilitated arrival at a mean estimate. On the other hand, such perceptual grouping should have also allowed the lone digit on the other side of five to pop out in the search task; in contrast, we saw that additional items gave rise to longer RTs just as in Experiment 1, as is commonly observed in search tasks in which attention to individual items is thought to be required (Duncan & Humphreys, 1989; Treisman & Gelade, 1980) .
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Also related to the shape of the stimuli, there is a chance that in Experiment 2, the similarity between the shapes of the digits 2 and 3 led to greater homogeneity in displays with less-than-five averages compared to those with greater-than-five averages, which primarily contained the less similar (to one another) 7s and 8s.
Here, as above, it is useful to examine the results of the search task using identical displays to explore the possibility that a difference in homogeneity, which would be more pronounced for larger displays, can explain the reduction in RTs with more items in the ensemble task. Specifically, if the decrease in RTs with larger displays in the averaging task was driven by a variance difference between the two conditions, we would expect to see an effect of this difference in our search tasks such that searching for a digit greater than five among 2s and 3s
would be more efficient (produce smaller RT increases with larger displays) than searching for digit less than five among 7s and 8s, as the target digit would pop out to a greater extent among the more homogeneous array of 2s and 3s. Such a prediction is in accordance with the well-established result that searching for a target among distractors that are more similar to one another leads to shallower RT slopes (Duncan & Humphreys, 1989) . However, our data show no main effect of or interaction with target type on RTs, indicating no difference in the efficiency of search between the greater-than-five and less-than-five targets in Experiment 2, and suggesting that participants were not sensitive to the difference in variance between conditions. Because these variance differences did not seem to affect performance in the search task, they are also unlikely to explain the results of our averaging task. Nonetheless, there is a possibility that the ensemble task engaged mechanisms that are relatively sensitive to variance in the display (Haberman, Lee, & Whitney, 2015) , which may reflect a limitation of our study that should be addressed by future work.
Thus, although our data may not demonstrate unequivocally that the same mechanism is engaged for estimating the numerical average of digit displays as for extracting set statistics based on lower-level visual characteristics, our results indicate that examining individual digits serially is not required for making a decision about average value. The notion that semantic information can be efficiently extracted from multiple digits is consistent with the findings of Van Opstal and colleagues (2011) in which participants were sensitive to the average value of subliminally presented digit displays. Results from the current study align with others aimed at understanding the temporal dynamics of ensemble perception of higher-level stimulus attributes (Haberman & Whitney, 2007; Marchant & de Fockert, 2009; Van Opstal et al., 2011) , and suggest that we are able to gather useful semantic information and abstract meaning from groups of stimuli rapidly and without attention to individual items as has been shown for more basic stimulus attributes (Alvarez & Oliva, 2008; Ariely, 2001; Parkes et al., 2001) . Moreover, our findings extend beyond those of Van Opstal and colleagues (2011) because we used larger digit arrays such as to exceed the subitizing range and also to reduce the likelihood that participants would attempt an exact averaging technique. We additionally utilized larger differences in the number of items in the displays, and controlled for low-level brightness information to more strongly support the conclusion that observers likely use a parallel processing mechanism to quickly estimate the average from a group of digits.
Further research is needed to be able to determine whether such averaging tasks are completed using an ensemble coding mechanism as it has been defined thus far. It may be that another type of averaging mechanism is engaged for digits because they have a true average and because they contain both semantic and perceptual information with an arbitrary relationship. It has been demonstrated that semantic information associated with digits influences visual search independently of perceptual factors (Sobel et al., 2015) ; however, processing of digits may be affected by the relationship between perceptual and semantic information differently depending on the task. In studies using digit comparison tasks, there is a clear interaction between digits' physical and numerical size in the form of the size congruity effect, in which RTs are faster when physical and numerical size Lee, Sobel, York, & Puri 375 is congruent compared to incongruent (Besner & Coltheart, 1979; Henik & Tzelgov, 1982) . However, in a recent visual search study, participants' performance was driven primarily by the physical size of digits (perceptual) and not by their value (semantic meaning), indicating separate mental processes for each (Sobel et al., 2017) .
There is still debate about which level of processing may join these two types of information if they truly do occupy distinct mental representations that interact at later decision-making stages Santens & Verguts, 2011; Sobel et al., 2017) . It may be that although both perceptual and semantic information can be extracted from multiple items in parallel, they remain in separate channels until their interaction is facilitated by selective attention to individual items, as has been proposed for integration of separate perceptual features (Treisman & Gelade, 1980) as well as for the interference observed in the SCE (Sobel et al., 2016) .
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